The larvae of numerous sessile and several motile marine invertebrate species respond to metamorphosis-stimulating cues, usually chemical signals from their benthic habitat. In three series of experiments (I-III), the megalopa larvae of a semi-terrestrial mangrove crab, Sesarma curacaoense de Man, were exposed for differential periods to adult-conditioned water (ACW), which had previously been found an effective cue. In the first experimental series (Exp. I), ACW was added on successively later days of the moulting cycle, while Exp. II comprised treatments in which the cues were provided from the first day (postmoult) and removed on sucessively later days. In Exp. III, the megalopae were exposed to ACW for 3 days at the beginning, in the middle, or near the end of the moulting cycle (days 1-3, 4-6, and 7-9, respectively). All experimental series also comprised a permanently exposed control group (C+) and another one kept in complete absence of the cue (C!), and all experiments were repeated with larvae originating from three different females (F1-F3 in Exps. I and II; F4-F6 in Exp. III). Both the timing and duration of exposure to ACW had a significant influence on the duration of development to metamorphosis, indicating an interaction between the extrinsic signal and the intrinsic (hormonal) control of the moulting cycle. While continuously exposed control megalopae (C+) required on average 7.6 ± 0.5 to 7.7 ± 0.5 d, those in group C! delayed their development by about 3-4 d (or on average by 48%), 7-9 d (119%), and 5-6 d (61%), respectively (F1-F3), indicating a great deal of intraspecific variability among hatches. In Exp. I, the cue had to have been added within about the first 6-7 d to become effective (no significant difference in development time between treatments and control C+), while a later addition of ACW had no more stimulating effect (no difference to C!). In Exp. II, metamorphosis was delayed in all treatments when the cue was removed after an initial exposure of less than 4-5 d, while later removal did not significantly reduce the stimulating effect of ACW. Together, the results from these two experimental series suggest that an exposure approximately during days 4-6 of the moulting cycle may be crucial as a temporal window of receptivity for the cue; this period coincides with the transition between intermoult and premoult (stages C-D 0 of Drach's classification system). Its presumable importance as a critical point was confirmed in Exp. III where development time was consistently shortest in megalopae exposed only during days 4-6 of the moulting cycle (no significant difference to control C+), while an earlier or later exposure prolonged development to metamorphosis. Intraspecific variability in the responsiveness to P. Gebauer et al. / IRD 47 (2005) 39-50 ACW was tested by comparing development time in control groups (C+, C!) among megalopae from 14 different hatches (including F1-F6). These data showed a significant variability both in the delay due to complete absence of the cue and in the time of development in C+ groups. Twoway ANOVA indicated significant effects of exposure to ACW and of the female, as well as an interaction between these two factors, not only in development time, but also in the extent of individual variability among equally treated sibling larvae (measured as coefficient of variation). Analysis of molt-frequency distributions showed that the cue had a focussing (variabilityreducing) in addition to the accelerating effect. In conclusion, this study showed that the stage of the moulting cycle as well as intraspecific variability within and among hatches must be considered as potentially confounding factors interacting with effects of metamorphosisstimulating cues. The potential evolutionary significance of intraspecific variability in the extent of phenotypic plasticity is discussed in relation to different ecological scenarios.
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Summary
The larvae of numerous sessile and several motile marine invertebrate species respond to metamorphosis-stimulating cues, usually chemical signals from their benthic habitat. In three series of experiments (I-III), the megalopa larvae of a semi-terrestrial mangrove crab, Sesarma curacaoense de Man, were exposed for differential periods to adult-conditioned water (ACW), which had previously been found an effective cue. In the first experimental series (Exp. I), ACW was added on successively later days of the moulting cycle, while Exp. II comprised treatments in which the cues were provided from the first day (postmoult) and removed on sucessively later days. In Exp. III, the megalopae were exposed to ACW for 3 days at the beginning, in the middle, or near the end of the moulting cycle (days 1-3, 4-6, and 7-9, respectively). All experimental series also comprised a permanently exposed control group (C+) and another one kept in complete absence of the cue (C!), and all experiments were repeated with larvae originating from three different females . Both the timing and duration of exposure to ACW had a significant influence on the duration of development to metamorphosis, indicating an interaction between the extrinsic signal and the intrinsic (hormonal) control of the moulting cycle. While continuously exposed control megalopae (C+) required on average 7.6 ± 0.5 to 7.7 ± 0.5 d, those in group C! delayed their development by about 3-4 d (or on average by 48%), 7-9 d (119%), and 5-6 d (61%), respectively (F1-F3), indicating a great deal of intraspecific variability among hatches. In Exp. I, the cue had to have been added within about the first 6-7 d to become effective (no significant difference in development time between treatments and control C+), while a later addition of ACW had no more stimulating effect (no difference to C!). In Exp. II, metamorphosis was delayed in all treatments when the cue was removed after an initial exposure of less than 4-5 d, while later removal did not significantly reduce the stimulating effect of ACW. Together, the results from these two experimental series suggest that an exposure approximately during days 4-6 of the moulting cycle may be crucial as a temporal window of receptivity for the cue; this period coincides with the transition between intermoult and premoult (stages C-D 0 of Drach's classification system). Its presumable importance as a critical point was confirmed in Exp. III where development time was consistently shortest in megalopae exposed only during days 4-6 of the moulting cycle (no significant difference to control C+), while an earlier or later exposure prolonged development to metamorphosis. Intraspecific variability in the responsiveness to
Introduction
Most marine invertebrates have a complex lifecycle comprising a planktonic larval and a benthic juvenile-adult phase (Thorson, 1950) . The ontogenetic transition from a pelagic to a bottom-dwelling lifestyle is in most cases associated with dramatic behavioural and developmental changes, which are generally referred to as settlement and metamorphosis, respectively. While some species may pass spontaneously through these crucial life-history events, following only a genetically fixed and hormonally controlled developmental programme, others also respond to environmental cues that are usually linked to the adult habitat or to the presence of conspecific adults (for recent review, see Forward et al., 2001 , Gebauer et al., 2003 . When effective external cues are absent, "competent" larvae (i.e., those being physiologically and morphologically prepared for settlement and metamorphosis) may postpone the initiation of these developmental processes, remaining for an additional period in the plankton.
The appearance of such cues, on the other hand, has a stimulating effect on their transition to the benthos. The occurrence of this response depends, first of all, on the perception of the cue; since this signal has mostly a chemical nature, a well developed larval chemoreceptive system is required (Crisp, 1974) . Secondly, the larva must be capable of controlling the timing of metamorphic events, which implies phenotypic plasticity in the behavioural and developmental traits of competent larvae, but may produce also costs for later life-history stages (Pechenik, 1990 (Pechenik, , 1999 .
While numerous sessile marine invertebrates, in particular those with special substrate requirements (e.g., most hard-bottom fauna), have been shown to respond to species-specific settlement-and metamorphosis-stimulating cues (Pechenik, 1990) , there are only few examples from motile forms such as decapod crustaceans (Gebauer et al., 2003) . In contrast to sessile animals, the latter can continue to search for a suitable habitat also after metamorphosis, i.e., during the benthic juvenile and adult phase, so that the larval choice of a "good" habitat for settlement should be less important.
Sesarma curacaoense de Man, a semi-terrestrial crab living in mangrove swamps in the Caribbean region (Abele, 1992) , has been shown to delay its metamorphosis for about 3-4 d (or on average by ca. 48%) in the absence of odours from conspecific adults, responding in a similar manner (although to a weaker extent) also to chemical signals released by closely related species (Gebauer et al., 2002) . The final larval stage of this crab, the megalopa, may thus be considered as a suitable model for the study of responses to metamorphosis-stimulating chemical cues in decapod crustaceans.
A recent study with another grapsoid crab species, Chasmagnathus granulata Dana, has shown that the response of the megalopa may vary greatly during the successive stages of its moulting cycle, suggesting that an early appearance of the cue before or at the transition from the intermoult to the early premoult period (stages C-D 0 in Drach's classification system; Drach, 1939) appears to be important for its effectiveness (Gebauer et al., 2004) . Moreover, observations from the same study suggest that there may be a considerable degree of intraspecific variability in the responsiveness of larvae produced by different females, which may imply differential selective advantages of different phenotypes under different microhabitat conditions (Gebauer et al., 2004) . However, these response patterns might represent a speciesspecific trait of C. granulata rather than a rule for brachyuran or decapod crustacean larvae, in general. Hence, comparative studies with further responsive crab species should be necessary to allow for generalizations. In the present experimental laboratory investigation, we used the megalopa stage of S. curacaoense as a model to study both moult-cycle-related variation of responsiveness to a metamorphosisstimulating cue as well as the degree of intraspecific variability among larvae produced by various females.
Materials and Methods
Origin of materials, larval rearing
Adult S. curacaoense were collected from brackish coastal mangrove swamps in northern Jamaica (Anger, 1995) and transported alive to the Helgoland Marine Biological Station, Germany. Here they were maintained under constant laboratory conditions of 24°C and a salinity of 25‰ (obtained by diluting filtered natural seawater from the North Sea with deionized tap water; this culture medium is from hereon referred to as "seawater"). Frozen marine isopods (Idotea sp.) and mangrove (Rhizophora mangle, Laguncularia racemosa) leaves were given as food. Zoeae were massreared in 390-ml beakers (maximum 30 larvae per beaker) without aeration, under the same conditions of temperature and salinity, and an artificial 12:12 h light:dark cycle, until they reached the megalopa stage. The culture medium was changed daily, and the larvae were fed with freshly hatched Artemia franciscana nauplii at a density of approximately 10/ml.
Experimental design
In three series of experiments (Exps. I-III), carried out with larvae from three different females each (F1-F3 in Exps. I and II; F4-F6 in Exp. III), recently moulted megalopae from the same hatch (maximally 12 h old) were randomly assigned to various treatments or control conditions. Each of these comprised, depending on availability, 10-12 individuals which were distributed among 5-6 replicates (two megalopae each). The larvae were reared in 100-ml Nunc™ plastic bowls filled with ca. 80 ml of seawater (25‰ salinity).
In Exp. I, the experimental exposure to a metamorphosis-stimulating cue (adult-conditioned water, ACW; for details, see Gebauer et al., 2002) began in the various treatments on successive days after moulting to the megalopa stage. In Exp. II, the megalopae were from the beginning of the experiments in contact with ACW, but the exposure was in different treatments terminated on successive days. Exp. III comprised three treatments with an exposure to ACW during an early, intermediate, and late part of the moulting cycle (days 1-3, 4-6, and 7-9, respectively). In addition, each of the three experimental series comprised also one control group which was continually exposed to ACW (C+) and a second control (C!), which was never in contact with the cue.
During the change of water and food, the megalopae were checked daily for mortality and metamorphosis. The time of development in the megalopa stage was used as a quantitative criterion for effects of treatment, i.e., of adding or withdrawing metamorphosis-stimulating cues at different times of the moulting cycle.
Intraspecific variability in responsiveness
The control groups (C+, C-) from these experimental series were compared to evaluate the degree of intraspecific variability in responsiveness of larvae obtained from six different females. These data were complemented with previously published data from two other hatches of S. curacaoense (presented as pooled data in Gebauer et al., 2002) , and with those from six further hatches (Gebauer, unpubl. data) , so that in total materials from 14 females became available for comparison.
Moult staging
Megalopae sampled from parallel rearing experiments with or without an addition of chemical cues were microscopically checked for the moulting stage using the last pair of pleopods as a reference site (magnification ×100 to ×400; classification after Drach, 1939 ; for details of its application to larval decapods, see Anger, 2001 ).
Statistical analyses
Statistical analyses followed Sokal and Rolf (1995) . Effects of different experimental treatments (Exps. I-III, with differential timing of addition or removal, respectively, of the metamorphosis-stimulating cue) were analysed comparing mean durations of the megalopa stage with non-parametric one-way ANOVA (Kruskal-Wallis H tests). Multiple a posteriori comparisons with the control groups C+ and C! were done using Dunn's test for different sample size. In our study of intraspecific variability in the responsiveness of larvae produced by 14 different females, we analysed data of development duration and coefficients of variation in development time (CV) employing twoway ANOVA to identify effects of females and ACW as factors. Multiple comparisons were subsequently done with Student-Newman-Keuls tests (SNK). Data of developmental delay in experimental treatments (compared to development time in permanently exposed control groups, C+) were fitted to a sigmoidal model using the least-squares method.
Results
Effects of successively later beginning exposure to adult odours (Experiment I)
The duration of the megalopa stage was in all three trials strongly affected by when exposure to odours from conspecific adults was begun (Kruskal-Wallis H tests, P<0.001). Multiple comparisons (Dunn's tests) consistently revealed two groups of responses: The first one comprised those where the megalopae were exposed to ACW for 1-6 or 1-7 d (larvae from females F1 and F2 or from F3, respectively; see Fig. 1 ). Mean development duration varied little among the continuously exposed C+ groups (7.6 ± 0.5 to 7.7 ± 0.5 d), while slightly longer and more variable development times (8.8 ± 1.2 to 10.3 ± 0.7 d) were observed in this set of treatments (not significantly different from that in control C+).
In treatments with later exposure to ACW, the time of development through the megalopa stage was always significantly longer than in the permanently exposed control group C+, but not significantly different from that in the second control, C!, in which megalopae never came in contact with a metamorphosis-stimulating cue. Development duration varied among these treatments and in C! controls between 10.2 ± 1.4 and 16.4 ± 0.8 d, without showing a clear pattern (Fig. 1) .
Effects of initial, successively later ending exposure to adult odours (Experiment II)
Also in this experimental series, the duration of the megalopa stage was significantly influenced by the timing of exposure to ACW (Kruskal-Wallis H tests, P<0.001; Fig. 2 ). Again, multiple comparisons consistently revealed two groups of treatments: When the cue was removed within 4-5 d after moulting, the mean time of development to metamorphosis was not significantly different from that in the completely unexposed control group C!. On the other hand, development took under these conditions always significantly longer than in the permanently exposed control, C+.
The second group comprised all treatments where the cue was removed later, after an initial presence for at least 5-6 d (Fig. 2) . Here, the duration of development through the megalopa stage did not significantly differ from that in control C+, while it was consistently shorter than in C! or in treatments with shorter periods of initial exposure.
Summary analysis of Exps. I and II
When the delay in the time to metamorphosis (quantified as difference between mean megalopal development duration in experimental treatments vs. continuously exposed controls, C+) is plotted against the time of initial exposure or absence of adult odours in Exps. I and II, sigmoidal response curves are obtained (Fig. 3) . These relationships between the delay (y, days) and the time (x, days) of initial absence (Exp. I) or presence (Exp. II) of the cue can be described with the following equation; the fitted constants (a, b, c), coefficients of determination (r 2 ), and levels of significance (P) are given in Table 1 :
In Exp. I, the delay in metamorphosis remained weak as long as the initial lack of a cue was shorter than about 5-6 d, but it tended to increase in treatments with later beginning exposure to ACW (Fig. 3) , indicating that later additions of ACW had no longer a Fig. 1 . Duration of development through the megalopa stage (originating from three different females) in relation to differential periods of exposure to a metamorphosis-stimulating cue (adult-conditioned water, ACW), Experiment I: ACW added on successively later days of the moulting cycle, after initial periods without cue; C+, C!: control groups exposed continuously to ACW, or never exposed, respectively; H: Kruskal-Wallis statistic indicating a significant treatment effect, level of significance, P; open columns: treatments with no statistically significant difference (n.s.) to control group C+ (multiple comparisons with Dunn's tests, P>0.05), but development significantly shorter than in C!; shaded columns: no significant difference to C!, but development significantly delayed compared to C+. significant stimulating effect. In Exp. II, short initial periods of exposure (<4-5 d) had apparently no or only a weak metamorphosis-stimulating effect, while longer periods reduced significantly the delay in megalopal development compared to C!. Considering both experiments together, it appears that either an initial absence and subsequent exposure to ACW (Exp. I) 
Effects of an initial, intermediate, or late exposure (3 days) to adult odours (Experiment III)
In order to test if the period in the middle of the moulting cycle (approximately days 4-6) represents the principal temporal window for maximal effectivity of the cue (see above), we compared in Exp. III the effects of treatments with an initial, intermediate, or final exposure for 3 d (days 1-3, 4-6, and 7-9, respectively; see Fig. 4 ). In megalopae obtained from three different females (F4-F6), a significant effect of the timing of exposure was detected (Kruskal-Wallis H tests, P<0.001). Multiple a posteriori comparisons revealed that development duration was consistently minimum in the treatment with an exposure of 4-6 d (not significantly different from the continuously exposed control, C+, but always significantly different from the unexposed control, C!). An earlier exposure of equal duration (1-3 d) did not prevent a slight but consistent significant delay (Fig. 4) . After later exposure (treatment 7-9 d), development duration was intermediate between the two control groups, i.e., not showing a clear effect. The observations of a maximal response to exposure during an intermediate period Figs. 1, 2 ): fitted sigmoidal response curves of developmental delay (days; difference to continuously exposed control, C+) in relation to differential periods of exposure to a metamorphosisstimulating cue. For further explanations, see Fig. 1 ; for model, see text; fitted constants given in Table 1. within the moulting cycle (4-6 d) corroborate our inference from Exps. I and II that early premoult (stage D 0 ) represents a critical point for cue receptivity in the megalopa stage.
Intraspecific variability in responsiveness
Although the response patterns of the three hatches (F1-F3) used in Exps. I and II appear to be quite similar, there were conspicuous differences in the extent of the developmental delay due to absence or unsuitable timing of exposure to adult odours (Fig. 3) . While the larvae from F1 and F3 showed a maximum delay of about 3-4 or 5-6 d, respectively, those from female 2 delayed their metamorphosis by up to ca. 7-9 d. The theoretical values predicted by the model were 3.7 d in F1 (or 48% delay compared to minimum development time under continuous exposure), 9.1 d (119%) in F2, and 4.7 d (61%) in F3, respectively, also indicating a great deal of intraspecific variability in the responsiveness to adult odours as a stimulating cue. Similar variability was observed in Exp. III (Fig. 4) . In order to explore the intraspecific variability in responsiveness further, we analysed the development data from 14 different hatches (F1-F14; Fig. 5A ; Table 2A ). Two-way ANOVA confirmed that both the presence of odours from conspecific adults and the female of origin (or hatch) had highly significant effects on development duration. Moreover, there was a significant interaction between these two factors, indicating that the extent of a delay in absence of a cue, i.e., the degree of phenotypic plasticity in megalopal development duration, differed significantly among hatches. Multiple a posteriori comparisons (SNK) revealed that only one out of 14 hatches (F9) did not show a statistically significant response to the cue (Fig. 5A) . In addition to variability in the developmental delay in complete absence of ACW (C!), there was also significant variability among continuously exposed control megalopae from these hatches (C+).
Our observations of effects of metamorphosisstimulating cues suggested an increase not only in the mean duration of megalopal development in the absence of a cue, but also in the degree of developmental variability among equally treated sibling larvae (cf. Figs. 1 and 2 ). We explored this apparent effect by comparing the CV for development time in the same 14 hatches (Fig. 5B) . As in the mean values of development duration, two-way ANOVA detected also in the CV values significant effects of both an exposure to ACW and of the female, as well as an interaction between these two factors (Table 2B) . Multiple a posteriori comparisons (SNK) showed in megalopae from 11 out of 14 hatches a significantly stronger degree of variability when they were reared in complete absence of a stimulating cue (only exceptions: F2, F4, F7; see Fig. 5B ). This effect also became visible when CV values for individual treatments or controls of Exps. I and II were plotted against the timing and duration of exposure to ACW (as in Figs. 1  and 2 ; not shown here). In two out of three hatches (F1, F3; in F2 statistically not significant), the CV showed the same patterns of variation, with the same statistical grouping of treatments in relation to the moulting cycle, as the mean values of development time (see Figs. 1 and 2) .
In order to analyse the patterns of developmental variation further in exposed vs. unexposed megalopae, we pooled the data from three females (F2, F5, F6) , which all showed a significant developmental delay in the absence of ACW, but no significant femalespecific differences in development duration comparing C+ or C! groups separately (two-way ANOVA and subsequent SNK tests); in this way, we increased the number of observations to n = 33 and n = 32 in groups C+ and C!, respectively, allowing for comparison of frequency distributions. When the number of metamorphic moults per day is plotted against the time within the moulting cycle, it can be seen that the presence or absence of a cue caused not only a shift of the moult-frequency distributions (with little overlap of C+ and C! data, only on day 10), but also a skewness to the right (Fig. 6) , explaining the increase in both the mean and CV values. In conclusion, this analysis revealed that adult odours had both an accelerating and a focussing (i.e., variability-reducing) effect on the temporal pattern of moulting.
Discussion
This study confirms previous experimental observations (Gebauer et al., 2002) which had shown that the duration of the megalopa stage of S. curacaoense is significantly prolonged when stimulating chemical cues from adult odours are absent near the time of metamorphosis. Hence, this semi-terrestrial crab species living in brackish Caribbean mangrove swamps appears to be a suitable model for studies of phenotypic plasticity in the larval development of brachyuran crabs, or decapod crustaceans, in general.
Our present data also correspond with recent observations from another grapsoid crab, Chasmagnathus granulata, where similar experiments had shown interacting effects of the moulting cycle (Gebauer et al., 2004) . In both species, an initial or final exposure to ACW had a stimulating effect only, when the cue was present long enough to include the transitional period between the intermoult and premoult stages of the moulting cycle (stages C-D 0 of Drach's classification system; see Drach, 1939 , Anger, 2001 ). Exp. III confirmed that megalopal responsiveness to the cue was absent or very weak during the initial phases of the moulting cycle (postmoult, intermoult), maximum during early premoult (D 0 ), and gradually decreasing thereafter (later premoult stages; cf. Fig. 4 ). This response pattern resembles the "Point of reserve saturation" or "D 0 threshold" (see Anger, 2001) , where a larva becomes in principle independent from food for the rest of the moulting cycle. Our observations suggest that endocrine (i.e., intrinsic) control processes such as the production of moulting hormones at the onset of premoult (see Spindler and Anger, 1986) interact with extrinsic factors such as odours from conspecific adults or availability of food. It appears that stage D of the moulting cycle is a largely autonomous sequence of developmental changes that, once it is hormonally initiated, cannot easily be interrupted by extrinsic factors. Future investigations may explore this presumable relationship in more detail, also measuring changes in ecdysteroid titers and/or in the neuroendocrine activity of the eye-stalk complex. The universal occurrence of the same moult-cycle controlling endocrine system in larval and adult decapods (for review, see Chang, 1995; Anger, 2001) renders it likely that similar interactions may also modify the response to metamorphosis-stimulating cues in other crustacean larvae.
Observations of larval salinity tolerance (Anger and Schultze, 1995 , Schuh, 1995 , Anger and Charmantier, 2000 suggest that S. curacaoense follows a strategy of larval retention, or maybe a limited export of its zoeal stages to brackish estuarine mangrove waters, but probably no larval transport to coastal marine waters. This implies that the larvae should pass through their complete development from hatching to metamorphosis in the adult habitat or near to it. The stimulation of metamorphosis by adult odours seems thus not to be absolutely necessary for the larvae to find a suitable type of habitat for settlement, which raises the question what kind of selection pressure may have lead to the evolution of responsiveness to chemical cues. The ecology of this species suggests that it may be associated with its gregarious distribution in the field (Schuh, 1995) . Megalopal settlement and metamorphosis in the closest neighbourhood to already existing adult populations, i.e., most likely in a habitat allowing for successful juvenile growth, may enhance the postsettlement survival of early juvenile crabs in an extremely patchy and physically structured semiterrestrial environment where tidal creeks, mud flats, small ephemeral water bodies, trunks and roots of mangrove trees, decaying leaves, and other microhabitats cause conspicuous small-scale variability in physicochemical conditions and in predation pressure.
While the response to adult odours should increase the chance to find the most suitable microhabitat, the selective advantage of this larval behaviour might be offset by increasing cannibalism among different cohorts of juveniles, in particular in physically suitable and thus densely populated habitats (see Luppi et al., 2001) . Further ecological field studies considering the settlement of megalopae as well as the patterns of microdistribution of early juvenile crab stages in their natural habitat, including refuge utilization and spatial segregation of different age groups (see Luppi et al., 2002) , would greatly enhance our understanding of life-history evolution in this and other responsive crustacean species.
Our data show that the responsiveness to a metamorphosis-stimulating cue also varies greatly within and among hatches produced by different females. Since other potentially confounding factors such as temperature, salinity, food, and light were the same in all experiments, this variability should be due to variation either in maternal factors (e.g., variation in size, age, nutritional state of the female), and/or based on genetic differences among larvae. Also, average rates of larval feeding and growth may vary individually even under identical rearing conditions, enhancing the variability in larval condition, and this may interact with the responsiveness to metamorphosis-stimulating cues. In future studies it should thus be interesting to quantify also larval ingestion rates. Variability in egg size, initial larval biomass, and subsequent rates of growth and development can be the result of phenotypic plasticity, originating from environmental variation during oogenesis or embryogenesis, and this variability may persist through later ontogenetic stages, modulating the larval response to environmental variables at metamorphosis, as well as subsequent juvenile growth (Giménez et al., 2004) .
If variability within and among hatches has a genetical basis, the extent of responsiveness is a heritable trait, and thus, subject to selection pressures from the environment. Since developmental delay confers energetic costs on competent larvae, often resulting in reduced fitness of early juveniles (see Pechenik, 1990 Pechenik, , 1999 Gebauer et al., 1999) , phenotypes responding to lacking cues with a strong delay in metamorphosis should be favoured in habitats where suitable substrates for successful larval settlement and juvenile growth are rare or very patchy. On the other hand, physically suitable and densely populated habitats with high predation pressure (cf. Luppi et al., 2001 Luppi et al., , 2002 should select against this flexible but costly life-history trait. This hypothesis can be tested with combined investigations in the field (studying patterns of larval settlement and juvenile distribution in relation to habitat properties) and in the laboratory (testing the responsiveness of offspring originating from different populations). As a consequence of great intraspecific variability in developmental traits, long-term local or regional variation in ecological conditions may lead to segregation and reproductive isolation of various genotypes and, eventually, aid to speciation (Arthur, 2000) . This aspect is particularly interesting in the model species of the present study, S. curacaoense, because it is generally considered as the closest extant relative of a clade of limnic and terrestrial species of sesarmid crabs that have radiated in various non-marine habitats on the island of Jamaica (Schubart et al., 1998; Anger and Schubart, 2005) . Besides variability in the dependence of metamorphosis on specific habitat characteristics, the larvae of S. curacaoense are highly flexible and variable among hatches also in relation to nutritional and physical conditions (Anger, 1995; Schuh and Diesel, 1995; Anger and Charmantier, 2000) . Since intraspecific variation in developmental characters is considered as "the origin of evolutionary novelties" (Arthur, 2000) , similar traits may have been a crucial predisposition for evolutionary adaptiveness in the ancestral species that gave rise to the radiation of endemic Jamaican sesarmids.
